The Chagas disease (CD) is an endemic infectious disease in a large part of Latin America.
Introduction

29
The American Trypanosomiasis is the name given to the CD which is transmitted by the parasite
30
Trypanosoma cruzi [1] , [2] . Its vector is the triatomine bug from the Rhodnius family. This bug is 31 commonly found in a tropical climate and has spread this disease throughout the South American The most commonly used antiprotozoal drugs to combat this disease are benznidazole (bzn) and 39 nifurtimox (nfx) [8] - [10] . Likewise, bzn is considered as the best drug for the treatment because of its 40 bioavailability, tolerability, easiness in the dosage administration and efficacy. These nitroaromatic 41 compounds have various mechanisms of action but most of these compounds depend on a previous 42 activation, which is described from free-radical reactions [1] , [11] . These reactions are mediated by 
49
A free radical reaction in non-polar mechanism is produced for the aerobic pathway between the 50 radical of the nitro compound and the oxygen of the environment. This reaction makes reactive 51 oxygen species be produced like superoxides, which can modify vital structures inside the parasite 52 [15] (Equation 1B).
53
The compounds with nitro functional group experience a reduction and as an amino functional group 
56
These drugs lose their efficacy when the stages of the CD are chronic and that is when the resistance 57 occurs. This resistance manifests as mutations in the orthosteric site or gen deletions that translate 58 into the NTR enzyme [13] , [18] - [21] . The concentration of this enzyme in the metabolism of the 59 parasite has a fundamental role since low concentrations of this enzyme result in a higher probability 60 of resistance to nitro drugs as nfx and bzn. On the contrary, this enzyme makes the parasite be 61 hypersensitive to these two drugs when its concentration increases.
62
This work is aimed at carrying out a computational approach from a chemical perspective for the 
Calculations and parameters
83
Calculations are made through semi-empirical method with the hybrid Quantum
84
Mechanics/Molecular Mechanics (QM/MM) for the wild protein and the mutation Pro46Leu [30]- [32] .
85
The distance and angle measurements were made with a Spartan 14 software tool for the previous 86 protein and its mutation. Besides, a potential surface is calculated with a mesh visualization in order 87 to identify the anchorage sites of the FMN coenzyme and NTR enzyme. 
98
Alignment of primary sequences and characterization of NTR with clustalX and T-coffee 2.0 99
Experimentally, the primary sequences of the constituent amino acids of the NTR enzymes for the 100 strains of resistant and susceptible parasites were amplified and sequenced [19] , [18] . This is the 
105
The NTR mutation of T. cruzi was found in the fragment that is located inside the FMN receptor for 106 the amino acids that are in the position Ala 41 to Val 50, as can be seen in (Table 1) . 
Structural analysis of Quantum Mechanics and Molecular Mechanics (QM-MM)
118
The T. cruzi resistance to the antiparasitic nitro drugs may be atributed to the change from the amino 119 acid Pro46 to Leu46. Such a change can be found in the amino acid sequence of the chain between the 120 beta and alpha structures of the amino acids that make part of the catalytic site. The structural change 
Energetic and geometric optimization of interaction NTR-FMN
151
The study of this interaction between the coenzyme and wildtype NTR structure is key in the 152 recognition of the interaction points that favor the cofactor anchorage and the subsequent reduction 153 for the viability of the redox reactions in the system. In addition, the mutation found by amplifying 154 and sequencing the NTR enzyme was located in the amino acid Pro46Leu. Therefore, it is 155 subsequently intended to make an energetic and geometric optimization of the structural changes at 
163
The FMN mainly interacts with seven amino acids that were identified and labeled with the Swiss 164 PDB viewer software (Figure 7) . Moreover, the electrostatic potentials of these amino acids are 
179
As can be seen in the generated model (Figure 5) , a change of aproximately 3° significantly alters 
188
From another structural perspective (Figure 9) , the ribbon visualization for the wildtype NTR 
220
269
The computational hybrids that take into account semiempirical methodologies for polyatomic 270 systems are an approximate approach that allowed to understand how a nonsynonymous mutation 
